for the PRISMS Investigators IMPORTANCE Depression is prevalent and associated with negative outcomes in individuals with spinal cord injury (SCI). Antidepressants are used routinely to treat depression, yet no placebo-controlled trials have been published in this population to our knowledge.
Research on the efficacy and tolerability of antidepressant medications for MDD in persons with SCI is long overdue. 16 Antidepressant efficacy remains uncertain because persons with SCI have characteristics associated with poor response to treatment such as high rates of comorbid chronic medical conditions, 17, 18 chronic pain, 19, 20 history of traumatic brain injury, 21, 22 dependence for activities of daily living, 23, 24 and unemployment and impoverishment. 25, 26 Poor tolerability is suspected due to reported exacerbation of SCI-related spasticity by selective serotonin reuptake inhibitor antidepressants 27 and early discontinuation of antidepressants by veterans with SCI. 28 We conducted a multisite, randomized, double-blind, placebo-controlled Project to Improve Symptoms and Mood After SCI (PRISMS) trial of venlafaxine hydrochloride extendedrelease (XR) for MDD or dysthymic disorder (DD) in persons with SCI. The aims of the study were to determine the efficacy and tolerability of venlafaxine XR vs placebo for MDD or DD that occurs more than 1 month following traumatic SCI in persons younger than 65 years. The primary outcome measure was the Hamilton Depression Rating Scale (HAM-D). Secondary outcomes were self-rated depression severity, global improvement, and SCI-related disability.
Methods

Procedures and Participants
Details about the methods of this trial are reported elsewhere. 29 The institutional review boards of all 6 participating sites ( Table 1 ) approved the study protocols. Written informed consent was obtained from all study participants. Participants with traumatic SCI were recruited from community and clinical settings and referrals from clinicians. Additional inclusion criteria were (1) age 18 to 64 years, (2) SCI of any level (American Spinal Injury Association injury severity A-D), (3) at least 1 month after SCI, (4) moderate depression severity on the Patient Health Questionnaire 9 (PHQ-9) 30 (score of ≥10, with ≥1 cardinal symptom) administered twice at least 10 days apart, and (5) satisfaction of DSM-IV criteria for MDD or DD on the Structured Clinical Interview for DSM-IV-TR (SCID). 31 Exclusion criteria were (1) current suicidal ideation with intent or plan, (2) history of more than 1 suicide attempt or any suicide attempt within the past 5 years, (3) history of schizophrenia or bipolar disorder, (4) current evidence-based depression treatment, (5) current alcohol or drug dependence (within the past month), (6) history of nonresponse to venlafaxine XR, (7) unstable dosage of psychoactive medications within the past 2 weeks, (8) unstable medical condition within the past 2 weeks, (9) pending surgery within 3 months, (10) pregnancy, (11) breastfeeding, (12) cognitive impairment significant enough to invalidate selfreported outcomes, and (13) nonfluency in English. Randomization was computer generated by the study biostatisticians (led by N.R.T.) and stratified by site, history of MDD, and history of substance dependence, using permuted blocks of 2. Randomization was 1:1 to venlafaxine XR vs inactive placebo and occurred immediately after baseline assessment ( Figure 1 ).
Materials
Demographic and injury characteristics, including level and severity of injury, were obtained from participant interviews with trained research staff and medical record reviews. Current and past MDD, DD, and substance dependence, as well as exclusion diagnoses of bipolar disorder or psychosis, were based on the relevant SCID modules. 31, 32 Research staff trained by and checked against a single expert clinician (C.W.) administered the SCID. At least 90% interrater item-level agreement with the expert was achieved and maintained each year. History of posttraumatic stress disorder (PTSD), 33 current anxiety, 34 and current alcohol abuse 35 and drug use 36 were assessed. Baseline antidepressant treatment history, medical comorbidity, pain, community participation, environmental factors, social support, and health-related quality of life were also assessed. 29 Study assessments and dose titrations occurred in person at baseline and at 3, 6, 10, and 12 weeks and by telephone at 1 and 8 weeks. The primary depression outcomes were the HAM-D 17-item version 37 and 6-item Maier subscale. 38 We included the Maier subscale because it is a unidimensional scale with superior sensitivity to change. [39] [40] [41] It excludes somatic items and is especially appropriate for individuals who have substantial physical impairment and medical comorbidity. 39 We used a structured version of the HAM-D 42 for improved interrater reliability. Interviewer training and interrater reliability standards were the same for the HAM-D 17-item as for the SCID. All research staff conducting screening, intervention, and outcome procedures were blinded to randomization status. Secondary outcomes were self-rated depression severity (on the Symptom Checklist 20) 43 and the Patient Global Impression, 44 as well as an additional measure of treatment response, 45 self-reported SCI-related disability (on the modified Sheehan Disability Scale). 46 We used an adverse effects checklist interview that captured the onset, severity, and resolution of 28 common antidepressant-related adverse effects plus spasticity. Objective spasticity was also assessed using the Ashworth Spasticity Scale.
Statistical Analysis
All data were electronically entered into a common database. Data were inspected for missing information, consistency, and accuracy. Mixed-effects linear regression models were used to compare treatment efficacy of venlafaxine XR with placebo in part to make use of all the collected data and maximize statistical power. This method also accounts for missing data, including dropouts.
48
Primary analyses included observations at baseline and at 1, 3, 6, 8, 10, and 12 weeks, analyzed according to the intentto-treat principle. Random effects were included for participants' intercepts. Fixed effects were time (linear), treatment (venlafaxine XR vs placebo), interaction of time with treatment, stratification factors, and potential confounders and variables to improve sensitivity. The primary indicator of treatment effect was the interaction of time with treatment using a Bonferroni-corrected significance level of 0.025. We calculated the mean treatment effect for the depression outcomes as the interaction of time with treatment evaluated over 12 weeks (ie, the estimated difference between treatment groups over 12 weeks in excess of the difference at baseline). Exact logistic regression was used to compare dichotomous outcomes. Variables examined as potential confounders included stratification variables, age and sex, education, medical comorbidity, number of prior MDD episodes, baseline scores on alcohol use, generalized anxiety, PTSD, nonneuropathic pain, community participation, environmental factors, and social support. 29 We examined potential effect modification by the following domains: demographic characteristics (age, sex, Severity of adverse effects (none, mild, moderate, or severe) was recorded at baseline and at each follow-up, allowing reporting of new or worsening adverse effects. The difference in the mean Ashworth Spasticity Scale scores from week 1 to week 12 was analyzed using a linear regression model, adjusting for the corresponding baseline value.
Results
From June 7, 2007, to May 18, 2012, six sites screened 2536 persons, performed baseline assessments on 174 of them, and randomized 133 participants to the intervention trial ( Figure 1 ). Table 1 and Table 2 list the demographic, injury, and clinical characteristics of the study sample. Groups were equivalent at baseline on these characteristics. Sample demographics were consistent with the epidemiology of SCI.
1 Fifty-six percent had at least 1 and 24.1% had at least 2 prior MDD episodes, 99.2% had current MDD, and 15.0% had failed a prior antidepressant trial for their current depressive episode. Common medical comorbidities included chronic pain (93.9%), significant anxiety (57.1%), history of substance dependence (44.4%), and current alcohol abuse (21.1%).
Depression and Functional Outcomes
The HAM-D 17-item and Maier subscale scores over time are shown in Figure 2 . Intent-to-treat adjusted mixed-effects models, summarized in Table 3 , revealed no significant differences between the venlafaxine XR and placebo groups in improvement on the HAM-D 17-item from baseline to 12 weeks (treatment effect, 1.0; 95% CI, −1.4 to 3.4; P = .42). There was a significant Bonferroni-corrected effect on the Maier subscale (treatment effect, 1.6; 95% CI, 0.3-2.9; P = .02). That is, at 12 weeks, those receiving venlafaxine XR had an estimated decrease from baseline on the HAM-D 17-item of 1.0 point (5.2%) more than those receiv ing placebo. On the Maier subscale, those receiving venlafaxine XR had an estimated decrease of 1.6 points (17.6%) more than those receiving placebo. Mixed-effects model results from the subgroups of completers (those prescribed study medication >9 weeks after randomization) or those who achieved therapeutic doses (≥150 mg/d for at least 6 weeks) did not differ significantly from the overall study sample. There were also no significant differences between groups in improvement on the self-reported Symptom Checklist 20 (treatment effect, 0.22; 95% CI, −0.07 to 0.51; P = .14) or for the percentage of responders or remitters on the HAM-D 17-item or Maier subscale. However, participants in the venlafaxine XR group reported significantly greater improvement in SCI-related disability on the Sheehan Disability Scale at 12 weeks compared with those in the placebo group (treatment effect, 4.7; 95% CI, 1.5-7.8; P = .005). There was a nonsignificant trend for participants in the venlafaxine XR group to rate their depression severity as "much" or "very much" improved compared with those in the placebo group (53.6% vs 40.3%, P = .09).
We found no effect modifiers for the HAM-D 17-item. Study site was the only significant modifier of the Maier subscale treatment effect (P = .006). Three sites showed individually significant effects in favor of venlafaxine XR, one showed a nonsignificant effect in the same direction, and 2 showed nonsignificant effects in the opposite direction. The overall effect was not driven by any particular site.
Adherence and Tolerability
Only 7 participants (5.3%) did not provide 12-week primary outcome data. Data on treatment dosages attained are summarized in Table 4 . Significantly fewer participants in the venlafaxine XR group (81.2%) than in the placebo group (95.3%) achieved a dosage of at least 150 mg/d (P = .02). There were no group differences in number of participants who had at least 80% study drug adherence (as determined by pill counts) or number of assessments via telephone.
Data on blood pressure, spasticity, and adverse effects are summarized in Table 5 . Groups were equivalent in terms of their mean new or worsened adverse effects over 12 weeks except that blurred vision was worse in the venlafaxine XR group and constipation was worse in the placebo group. Changes in blood pressure, subjective spasticity, and objective spasticity on the Ashworth Spasticity Scale were similar between groups. The only serious adverse effect was a suicide attempt in the venlafaxine XR group.
Discussion
The results of this multisite, randomized, double-blind, placebo-controlled trial showed that venlafaxine XR is well tolerated by most patients and is associated with significantly greater improvement in core depressive symptoms compared with placebo controls on one of our primary depression outcome measures, the Maier subscale. The threshold for clinically meaningful differences in improvement between antidepressant and placebo conditions is 3 to 4 points on the HAM-D 17-item, or 15%.
50,51 While improvement in the venla- Our sample exhibited high rates of pain and psychiatric comorbidities. Prior investigations in medical populations have also shown a smaller overall difference between active medication and placebo compared with healthy populations. 57 Contrary to some prior evidence, 59 possibly also due to the high level of comorbidity and insufficient statistical power, we did not find that higher baseline depression or a greater history of prior depression was associated with a larger treatment effect of antidepressant compared with placebo. Our effect size is noteworthy considering the low proportion (81.2%) of patients who achieved recommended therapeutic dosing of venlafaxine XR of 150 mg/d and the lower antidepressant response rates seen in randomized clinical trials vs comparator trials.
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Blurred vision was the only adverse effect that was significantly worse in the venlafaxine XR group. However, some adverse effects, such as anorexia, spasticity, and erectile dysfunction, were nonsignificantly more common in the venlafaxine XR group vs the placebo group, which may have contributed to a lower rate of adherence and therapeutic dosing. While spasticity has been noted in a case report 27 as a concern with selective serotonin reuptake inhibitor antidepressants in populations with SCI, this adverse effect was not significantly more severe or frequent in our sample. The suicide attempt in one participant receiving venlafaxine XR underscores the importance of monitoring suicidal risk in this population, which has a risk of completed suicide that is 2 to 6 times greater than in the general population. Our findings suggest several important points related to clinical practice. First, education about potential adverse effects and engagement strategies are important to maximize adherence and chances of achieving a therapeutic antidepressant dose and duration. In addition, given the high level of medical and psychosocial comorbidity in many patients with SCI, adjunctive and alternative treatment options, such as anxiolytics or psychotherapy, should be considered, particularly if there is evidence of treatment resistance or intolerance.
Several study limitations should be noted. Our sample demonstrated higher levels of medical and psychiatric comorbidity compared with most antidepressant investigations, as well as the general population with SCI and depression.
14 Populations with high levels of psychiatric 66,67 and medical 18 comorbidity tend to have a lower antidepressant treatment effect in randomized placebo-controlled trials, likely affecting our ability to demonstrate significant differences in treatment outcomes between groups on some measures. Hispanic/Latino persons and Asians were underrepresented; therefore, generalizability to these groups is uncertain. Our findings cannot be generalized to the etiologically diverse category of nontraumatic spinal cord diseases. Achievement of a therapeutic dose and duration was significantly lower for venlafaxine XR than for placebo. While this finding may be in part a reflection of the clinical tolerability of venlafaxine XR, study participants may have been less likely to adhere to the medication regimen within the context of a randomized, double-blind, placebocontrolled trial compared with routine clinical care. Future research should examine the potential role that genetic polymorphisms might have in explaining antidepressant response in this 
Conclusions
Future research regarding treatment of depression in persons with chronic SCI should consider other antidepressant medications, including adjunctive strategies and treatment algorithms, as well as combining pharmacotherapy with nonpharmacological approaches, such as behavioral activation.
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Research is needed to evaluate sensitivity to change of common depression measures and develop new or optimized outcome assessment tools. A forthcoming article will compare the measurement properties of the HAM-D 17-item, PHQ-9, and Symptom Checklist 20 after SCI. Nevertheless, treatment of somatic symptoms, such as sleep disturbance, is integral to overall depression treatment and should not be ignored in future studies. Depression treatment approaches should also take advantage of alternative delivery strategies, such as telephone, Internet, and mobile technologies, to improve reach, adherence, and follow-up. Studies are needed to determine ways to maintain treatment gains and prevent relapse. Following the findings from this tightly controlled efficacy study, larger studies in real-world settings, with greater statistical power and ecological validity, are needed to determine how best to deliver specific treatment approaches to patients with particular demographic and clinical characteristics. Patient-centered, multifaceted, stepped-care approaches 71-73 that address common comorbid conditions (eg, pain, anxiety, and inactivity), that take into account patient preferences and personality characteristics, 74, 75 and that are integrated into routine health care may hold the most promise but require further investigation. 
